Vibrio vulnificus is a marine bacterium causing serious septicemia and wound infection in humans. It produces an RTX toxin that can lyse a variety of cells and is important for virulence in mice. In this study, we explored the role of RTX in pathogenesis by characterizing an RTX-deficient mutant. This mutant showed an 2-log reduction in virulence for mice infected by various routes. Survival of the mutant at the infection site and subsequent spread into the bloodstream were impaired. In mice pretreated with cyclophosphamide to deplete the neutrophils, both the virulence and survival at the infection site of this mutant were enhanced. This mutant was further shown to be more readily cleared from the macrophage-rich mouse peritoneal cavity and phagocytosed by murine macrophages. These findings suggest that the RTX of V. vulnificus is required for bacterial survival during infection by protecting the organism from phagocytosis.
Vibrio vulnificus is a marine bacterium causing rapidly progressing severe skin lesions and septicemia in humans, particularly those with chronic hepatic disorders [1, 2] . This organism secretes a number of exotoxins and enzymes [3] , among which the cytolysin VvhA [4] and metalloprotease Vvp [5, 6] were thought to be the most important on the basis of their biological activities. However, VvhA and Vvp were found to be dispensable for V. vulnificus virulence in mice from the characterization of mutants deficient in either or both factors [7] [8] [9] [10] . Another cytotoxin, RTX (repeats in toxin), has been recently identified in V. vulnificus and was shown to be associated with the virulence of this organism [11] [12] [13] .
The RTX toxins, which contain a tandem nonapeptide repeat near the N-terminus [14] , are produced by many gram-negative bacteria [15] [16] [17] [18] . Most of them cause cell lysis by disrupting the integrity of the cell membrane [19] . The multifunctional autoprocessing RTX (MARTX) accessory toxin of V. cholerae was the first RTX identified in Vibrio [20] . This toxin causes both actin cross-linking [21, 22] and Rho inactivation [23] that lead to cell rounding.
The production and secretion of RTX toxin RtxA1 in V. vulnificus are executed by the genes in 2 divergent operons, rtxC-rtxA1 and rtxB-rtxD-rtxE, which share high homology in nucleotide sequence and gene organization with those of V. cholerae [11, 13] . However, unlike that of V. cholerae, the RTX of V. vulnificus forms pores on the host cell membrane and causes cell lysis [11, 12] . This toxin can also induce the production of reactive oxygen species and result in host cell death via activation of NAD(P)H oxidase 1 (Nox1) [24] . The expression of rtxA1 is induced after host contact both in vitro [12] and in vivo [24] . The rtxA1 mutant is defective in translocation from the intestinal tract to the bloodstream of an infected mouse, suggesting that this toxin may be involved in the invasion process [12] . Despite these findings, the functional role of this toxin in the virulence of this organism remains unclear. In this study, we explored how the RTX toxin was involved in the pathogenesis of V. vulnificus in mice. Our data suggest that this cytotoxin might promote the survival of this organism at the infection site (hereafter referred to as colonization) by protecting the bacteria from phagocytosis.
MATERIALS AND METHODS

Cultivation of Bacteria and Cell Lines
The V. vulnificus and Escherichia coli strains were grown in LB medium. The RAW 264.7, HEp-2, and Caco-2 cells were cultured in DMEM medium with 10% fetal calf serum.
Mouse Strains and Pretreatments of Mice
Six-to 8-week-old C3H/HeN and BALB/c mice were purchased from the Animal Center of National Cheng-Kung University (NCKU) and National Laboratory Animal Center in Taiwan, respectively. The mouse was administered intraperitoneally with 3.75 mg of cyclophosphamide 3 days before infection to deplete the neutrophils to 10% of the wild-type level. To enrich the macrophages in peritoneal cavity, 1 mL of 3% thioglycollate was intraperitoneally injected into mouse 96 h before infection. The protocol of animal experiments was reviewed and approved by the Animal Ethics Committee of NCKU.
Isolation of DrtxA1 Mutant and Its Revertant
To isolate the RTX-deficient V. vulnificus mutant HL128, a 469-bp deletion that resulted in a frameshift leading to a stop codon 26 bp downstream of the deletion was introduced into rtxA1 of a clinical strain, YJ016 [10] . In brief, the DNA sequences flanking the deletion were amplified by polymerase chain reaction (PCR) with the primer pairs rtxAf1 (5#GGGAGCTCTTCCGCCGACGA3#)/rtxAr1 (5#GAGGAT-CCGCTAAATGATTA3#) that contained SacI and BamHI sites, respectively, and rtxAf2 (5#GCGGATCCTCACTCAGCGAT3#)/ rtxAr2 (5#AATCTAGACCGCAATAGAGG3#) that contained BamHI and XbaI sites, respectively. These 2 DNA fragments were cloned into pCVD442, a suicide plasmid [25] , after digestion by the corresponding restriction enzymes. The resultant plasmid was then used to isolate the DrtxA1 mutant by allelic exchange as described elsewhere [9] . The deletion in the DrtxA1 mutant was confirmed by Southern hybridization.
To isolate the revertant HL101 of mutant HL128, the intact rtxA1 gene was used to replace DrtxA1 in HL128 via another allelic exchange.
Isolation of Mouse Neutrophils
Mouse neutrophils were isolated from heparinized whole blood by Ficoll-Paque gradient centrifugation, as described elsewhere [26] . The purified mouse neutrophils were then maintained in RPMI 1640 medium.
Cytotoxicity Assay
Bacteria were added to the cells at a multiplicity of infection (MOI) of 10 (for HEp2 and Caco2 cells) or 100 (for RAW 264.7 cells and mouse neutrophils). After 4 h of coincubation, the cytotoxicity was determined by measuring the activity of lactate dehydrogenase released from the damaged cells with a cytotoxicity assay kit (Cyto Tox 96; Promega).
Sensitivity to Human Serum Bactericidal Effect
Bacteria (2-4 3 10 5 cfu) were mixed with 75% untreated or heat-inactivated human serum. After incubation at 37°C for 30 min, the viable bacterial number was determined by plate count. The collection of human serum samples from volunteers has been approved by the institutional review board at NCKU.
Virulence in Mice
Ten-fold serially diluted bacterial suspension in phosphatebuffered saline (PBS) was injected into normal C3H/HeN mice subcutaneously, intraperitoneally, or intravenously. The LD 50 was calculated, as described elsewhere [27] , from the mortality at 72 h after challenge
Histological Examination
Tissue samples excised from sacrificed mice were immediately fixed in 4% buffered-formalin and then embedded in paraffin, sliced into 4 lm sections, and stained with hematoxylin-eosin for histological examination.
Colonization Assay
The colonization assay was conducted in an air sac as described elsewhere [28] . In brief, 1 3 10 6 bacteria were inoculated into the air sac made on the back of a C3H/HeN mouse. After a period of incubation, the infiltrating cells and bacteria in the air sac were washed out by syringing with 1 mL of PBS and then enumerated by hemocytometry after trypan blue stain and plate count, respectively. Bacterial colonization in the peritoneal cavity of normal or thioglycollate-pretreated mouse intraperitoneally injected with 1 3 10 6 bacteria was determined at 1 hour and 2 h after infection.
The numbers of viable bacteria and cells in peritoneal exudate were estimated by plate count and hemocytometry combined with cell type differentiation after Liu's stain, respectively.
Assay of Bacterial Invasion in Bloodstream and Internal Organs
Bacterial invasion after air sac inoculation was traced by enumerating the bacteria in blood samples collected from the capillary plexus of the eyes by plate count at intervals. To detect the bacteria in internal organs, the liver, spleen, and lymph nodes taken from a sacrificed mouse were weighed and then homogenized in PBS, and the bacteria in these samples were enumerated by plate count.
In Vivo Image Analysis
The spread of bacteria in an infected mouse was visualized by in vivo bioluminescent signal (BLS) assay. The bioluminescent operon luxCDABE of Photorhabdus luminescens was excised from pDEW201 [29] and then inserted downstream of V. vulnificus pilA promoter (2249 to 178 of the start codon) that had been cloned into pCVD442. The resultant plasmid was integrated into the chromosomes of YJ016 and HL128 to obtain CJ298 and CJ299, respectively. Bacteria (1 3 10 7 cfu/mouse) were subcutaneously injected on the back of BALB/c mice. The BLS emitted from bioluminescent bacteria was detected at intervals after infection by the in vivo imaging system (IVIS; Xenogen). The total photons emitted in ,1 min acquired from the regions of interest were quantified using the Living Image software package (Xenogen).
Phagocytosis Assay RAW 264.7 monolayers were inoculated with bacteria at an MOI of 1. After a period of coincubation, the cells were lysed with 0.1% Triton-X100, and the total viable bacterial number was determined by plate count. To estimate the internalized bacterial number, the extracellular bacteria were killed by gentamicin (100 lg/mL) treatment for 30 min. After washing with PBS, the cells were lysed and the released intracellular bacteria were enumerated by plate count. To determine the survival rate of internalized bacteria, the intracellular bacteria were enumerated at intervals after gentamicin treatment. The percentage of intracellular bacteria surviving at a given time relative to that at 30 min after addition of gentamicin was calculated to obtain the survival rate.
RESULTS
Cytotoxicity, Virulence, and Other Phenotypes of V. vulnificus DrtxA1 Mutant
To confirm the involvement of RTX toxin in the cytotoxicity and virulence of V. vulnificus YJ016, an isogenic DrtxA1 mutant, HL128, was isolated and characterized. As has been reported elsewhere [11] [12] [13] , the cytotoxicity of this mutant to HEp-2, RAW 264.7, and Caco-2 cells and mouse neutrophils was significantly reduced (Figure 1 ). The cytotoxicity of the HL128 revertant HL101 was restored to the wild-type level ( Figure 1 ).
Compared with the parent strain, HL128 was 140-, 70-and 50-fold, respectively, less virulent when tested by intraperitoneal, subcutaneous, and intravenous injections ( Table 1 ). The revertant HL101 was as virulent as the wild-type strain, YJ016, in mice challenged by subcutaneous injection (Table 1) . Nevertheless, HL128 exhibited wild-type growth in murine whole blood (data not shown) and resistance to human serum bactericidal effect (Table 1) .
A histological examination of the tissue surrounding the area where strain YJ016 was subcutaneously injected revealed that the myofibrils were disintegrated and the adipocytes were necrotic. Meanwhile, infiltrating cells (mostly neutrophils), proteinaceous materials, and bacteria were dispersed over the dermis area ( Figure 2C ). In contrast, challenge with mutant HL128 resulted in phagocytes infiltration, but little tissue damage and few bacteria were observed ( Figure 2B ). HEp-2, Caco2, and RAW 264.7 cells as well as mouse neutrophils were coincubated with the bacteria at an MOI of 10, 10, 100 and 100, respectively, for 4 h at 37°C, and then the cytotoxicity was determined by lactate dehydrogenase assay. n 5 3. Cytotoxicity is expressed as % cytotoxicity of strain YJ016. The cytotoxicity of YJ016 was 90%, 73%, 84%, and 60% of full lysis for HEp-2, Caco2, RAW 264.7 and mouse neutrophils, respectively. ND: the cytotoxicity of HL101 to mouse neutrophils was not determined. YJ016: wild-type; HL128: DrtxA1; HL101: revertant of HL128. *P , .05; ***P , .005 by Student's t test. NOTE. ND, not determined. a To determine the LD 50 , 10-fold serially diluted bacterial suspension (ranging from 10 7 to 10 3 cfu) in 50 lL PBS was injected into each mouse (5 mice per dilution). The infected mice were observed for 72 h and the LD 50 was calculated from the mortality.
b The resistance is expressed as 100% 3 the number of viable bacteria recovered from untreated serum/the number of viable bacteria recovered from heatinactivated serum.
DrtxA1 Mutant Is Defective in Colonization and Spread Into Bloodstream and Internal Organs
To examine the colonization ability of DrtxA1 mutant, an air sac colonization assay was conducted. In contrast to the parent strain YJ016, which remained abundant up to 9 h after inoculation, the mutant HL128 was rapidly cleared to an undetectable level at 6 h after inoculation ( Figure 3A) . In a mixed infection of YJ016 and HL128, unlike what was observed when they were inoculated separately, the numbers of these 2 strains remained approximately the same up to 6 h after infection ( Figure 3B ).
The spread of mutant HL128 into the bloodstream and internal organs of the mouse was also examined. As shown in Figure 3A , whereas the wild-type strain and revertant could be recovered with increasing numbers from the bloodstream, mutant HL128 was detected in the bloodstream at 3 h but was undetectable thereafter. Moreover, although the wild-type strain was recovered from the liver, spleen and lymph nodes at 9 h and the number increased by 2-3-fold at 21 h after infection, mutant HL128 could not be detected after infection.
The defectiveness of mutant HL128 in colonization and spread was also observed in an in vivo image analysis with the bioluminescent bacteria (Figure 4) . In mice subcutaneously challenged with wild-type strain CJ298, the signal intensity at the primary infection site steadily increased up to 6 h and then slightly decreased at 9 h after infection ( Figures 4A and 4B) . Meanwhile, an increasingly stronger signal was detected in the abdomen from 4 h after infection ( Figure 4A ). In contrast, in mice challenged with DrtxA1 mutant CJ299, the signal at the infection site increased at 2 h, decreased to an undetectable level thereafter ( Figures 4A and 4B) , and was never detected in the abdomen.
Depletion of Neutrophils Enhances Colonization, Tissue Destruction, and Virulence of DrtxA1 Mutant
We reasoned that the poor colonization of mutant HL128 in mice may have occurred because it was rapidly cleared by the infiltrating phagocytes. Depletion of neutrophils might therefore promote its colonization. Indeed, mutant HL128 colonized at a wild-type level in the air sac of a neutropenic mouse ( Figure 3C) . Meanwhile, the bacterial count of this mutant detected in the bloodstream was comparable to that of the parent strain or revertant ( Figure 3C ). The spread of mutant HL128 into the internal organs was also enhanced, although 1-2-log lower than in the parent strain (P , .05) ( Figure 3C ). In addition, the LD 50 values of the parent and mutant strains were decreased 3-fold and 17-fold, respectively, in the neutropenic mice, compared with normal mice (Table 1) .
A histological examination of the primary infection site of a neutropenic mouse revealed that both YJ016 and mutant HL128 resulted in severe tissue damage, including edematous connective and adipose tissues and necrotic muscle bundles ( Figures 2E and 2F ).
DrtxA1 Mutant Is More Sensitive to Phagocytosis
We hypothesized that RTX may prevent V. vulnificus from being cleared from the infection site by conferring resistance to phagocytosis. To test this, we examined whether mutant HL128 is more readily cleared from the mouse peritoneal cavity that was enriched with activated macrophages. Although the bacterial count of the parent strain doubled 1 hour after inoculation, that of mutant HL128 was reduced to one-fourth of the inoculation dose (Table 2) . We also traced the viable bacterial number and profile of peritoneal exudate cells in the peritoneal cavity of a normal mouse intraperitoneally injected with 1 3 10 6 bacteria. Profound infiltration of neutrophils was observed at 2 h after infection in mice challenged with either the parent or mutant strain (Table 2) . Nevertheless, although the bacterial count of the parent strain was sustained, that of mutant HL128 decreased to one-fifth of the inoculation dose at 2 h after infection (Table 2) . We further tested our hypothesis by comparing the susceptibility of parent strain and mutant HL128 to phagocytosis by a murine macrophage cell line, RAW264.7. Mutants FJ201 [10] and HL114, the cytolysin-deficient derivatives of YJ016 and HL128, respectively, were also included to determine the importance of cytolysin in this activity. After 90 min of coincubation at an MOI of 1, conditions under which even the wild-type strain did not lyse cells (Figure 5A ), the RTX-deficient mutants HL128 and HL114, had an 4-fold lower total bacterial number than their RTX-proficient parent strains, YJ016 and FJ201 (P , .01; Figure 5B ). On the other hand, the intracellular bacterial numbers of mutants HL128 and HL114 were 4-fold higher than those of YJ016 and FJ201 after 60 min of coincubation (P , .01) ( Figure 5C ), suggesting that RTX may weaken the phagocytosis ability of macrophages. Nevertheless, the survival rates of the internalized bacteria were similar among these 4 strains ( Figure 5D ).
DISCUSSION
Successful colonization (the survival of microorganism at the infection site) in the host is commonly a critical step in bacterial infectious diseases. By characterizing an RTX-deficient (DrtxA1) mutant, we demonstrated here that RTX is required for the colonization of V. vulnificus at the primary infection site and, subsequently, systemic spread. V. vulnificus is known to be cytotoxic to a variety of cells [11] [12] [13] [30] [31] [32] . As has been reported elsewhere [11] [12] [13] 24] , the cytotoxicity of the DrtxA1 mutant (Figure 1 ), but not the cytolysin-deficient mutant (data not shown), derived from strain YJ016 was greatly reduced, compared with the parent strain, suggesting that RTX is the main cytotoxin of this organism. In addition, the virulence of this mutant in mice was reduced by 2 orders of magnitude ( Table  1 ). The degree of reduction in virulence varied depending on the route of infection, probably determined by the rates of bacterial growth and/or clearance at and spread from the primary infection site.
The colonization ability of DrtxA1 mutant was much lower than that of its parent strain in the air sac ( Figure 3A ) and peritoneal cavity (Table 2) ; in either case, neutrophils were rapidly recruited to the infection sites. This suggests that the reduced virulence of DrtxA1 mutant may be associated with its poorer colonization at the primary infection site. The fact that both colonization at the infection site and the lethality of DrtxA1 6 cfu in 0.1 ml of PBS) of a single strain (A and C) or equal numbers of YJ016 and HL128 (B) was injected into an air sac on the back of a mouse. The numbers of viable bacteria in the air sac, blood collected from capillary plexus of the eyes, and internal organs of infected mice were then determined at the indicated time points. The bacterial number in an internal organ is expressed as log cfu/mg for liver (H) and spleen (S), and log cfu/node for lymph node (L). n 5 4. YJ016: wild-type; HL128: DrtxA1; HL101: revertant of HL128. The neutropenic mice infected by either YJ016 or HL101 died within 21 h after infection. Therefore, no data are available for the neutropenic mice infected by these 2 strains at 21 h after infection in the blood or internal organs in (C). NA, not available; ND, not detectable. *Significant difference between HL128 and YJ016 or HL101 (P , .05 by Student's t test). **Significant difference between HL128 and YJ016 or HL101 (P , .01 by Student's t test).
mutant were significantly enhanced in the neutropenic mice ( Figure 3C and Table 1 ) further suggests that the contribution of RTX to virulence of V. vulnificus might be to promote bacterial colonization. It also implies that the role of RTX in bacterial colonization might be to prevent bacterial clearance by neutrophils. The result of mixed infection, which showed that the ratio of mutant to wild-type strain in the air sac remained close to 1 from 1 to 6 h after infection ( Figure 3B ), agrees with this notion. It is possible that the wild-type strain contributes to survival of the DrtxA mutant by countering the infiltrating phagocytes. However, the wild-type V. vulnificus did not result in a visible decrease or death of infiltrating cells, as indicated Figure 4 . In vivo image analysis of mice infected with bioluminescent V. vulnificus. The bioluminescent bacteria (1 3 10 7 cfu) were injected subcutaneously on the back of the mouse, and the bioluminescence signal (BLS) emitted from bacteria was then detected by the in vivo imaging system. A, The back and abdomen bioluminescence images of an infected mouse detected at the indicated time points. The BLS was expressed by a pseudocolor scale, with red representing the most intense and blue the least intense luminescence. B, Kinetics of the total flux of photons emitted from the circled area in (A) in 2 infected mice, including the one whose bioluminescence images are shown in (A), for each bacterial strain. CJ298: bioluminescent wildtype strain; CJ299: bioluminescent DrtxA1 strain. from the number and viability of cells in air sac washings (data not shown). Therefore, the protection conferred by RTX against phagocytosis was not simply attributable to depleting the phagocytes.
The involvement of RTX in preventing V. vulnificus from being phagocytosed was also demonstrated in vitro by coculture of bacteria with macrophages. At a low MOI, under which the macrophages remained viable throughout the experiment, the RTX-deficient mutants DrtxA1 and DrtxA1DvvhA survived less well than the RTX-proficient isogenic strains in the presence of macrophages ( Figure 5B ). On the other hand, the numbers of RTX-deficient bacterial cells inside macrophages were much higher than those of RTX-proficient ones ( Figure 5C ). These results indicate that the RTX toxin, but not cytolysin, could prevent the clearance of V. vulnificus by macrophages. Nevertheless, the survival rates of internalized bacteria were similar among these 4 strains ( Figure 5D ), suggesting that RTX might not contribute to the survival of ingested bacteria. The capsular polysaccharides (CPS) of some V. vulnificus strains have been shown to be essential for virulence by conferring resistance to human serum killing effect and phagocytosis [32] . It is hypothesized that CPS exerts these effects by masking the host response-provoking bacterial structures [33] . Our DrtxA1 mutant exhibited a wild-type level of resistance to human serum ( Table 1 ), suggesting that the mechanism by which RTX protects the bacterial cell against phagocytosis might be different from that used by CPS. It has been shown that V. vulnificus RTX could induce Rac2 expression to result in activation of Nox1 that lead to reactive oxygen species generation in the enterocytes [24] . In other studies, Rac2 has been shown to be involved in the regulation of cytoskeleton rearrangement during phagocytosis [34, 35] . Whether the V. vulnificus RTX prevents phagocytosis by induction of Rac2 awaits further studies.
The invasiveness of the DrtxA1 mutant in normal mice was shown to be greatly impaired as this mutant, in contrast to the parent strain, could not be recovered from the bloodstream shortly after it was given in the air sac at 10 6 cfu/mouse ( Figure   3A ). Furthermore, this mutant could not be detected in the internal organs 9 h after infection ( Figure 3A) . The in vivo image analysis with bioluminescent bacteria also demonstrated that this mutant failed to steadily multiply at the infection site on the back and then spread to the abdomen of the infected mouse ( Figure 4 ). The defect of this mutant in spread into the bloodstream might not be the result of its inability to invade, because the concentration of DrtxA1 mutant in the bloodstream of an infected neutropenic mouse could reach a wild-type level (Figure 3C) . Moreover, in the neutropenic mice, the DrtxA1 mutant resulted in severe tissue damage at the primary infection site similar to that caused by the parent strain ( Figures 2E and 2F ). These findings suggest that other bacterial factors, rather than RTX, and possibly the infection-induced inflammatory responses may be responsible for tissue damage, which in turn could facilitate bacterial spread into the bloodstream. After bacteria reach the liver, spleen, and lymph nodes, they may encounter the macrophages, which accumulate in these organs of the reticuloendothelial system. The ability of macrophages to effectively clear the DrtxA1 mutant, but not its parent strain, was demonstrated in the macrophage-enriched mouse peritoneal cavity. It has been shown that the number and activity of macrophages are little affected by the low dose of cyclophosphamide used for depletion of neutrophils [36] . Therefore, the DrtxA1 mutant that enters the organs of the reticuloendothelial system in a neutropenic mouse is likely cleared by the residing macrophages. The clearance of the DrtxA1 Figure 5 . Phagocytosis of V. vulnificus strains by murine macrophages. RAW 264.7 cell monolayers infected with bacteria at an MOI of 1 were incubated at 37°C. The cytotoxicity (A ) of bacteria was then determined at the indicated time points. The total (data obtained at 90 min are shown in (B ) and intracellular (data obtained at 60 min are shown in (C ) bacterial numbers were then estimated. The survival rate (D ) of the intracellular bacteria at each time point was calculated as described in Materials and Methods. YJ016: wild-type; HL128: DrtxA1; FJ201: DvvhA; HL114: DrtxA1DvvhA. *P , .05; **P , .01 by Student's t test.
mutant by macrophages may explain the following observations in this study. First, in the neutropenic mice infected by air sac inoculation, although the bacterial count of the DrtxA1 mutant in the bloodstream was comparable to that of the parent strain, the bacterial count of this mutant in the internal organs was 2 logs lower than that of the parent strain ( Figure 3C ). In addition, the virulence of this mutant, as expressed by LD 50 value, in neutropenic mice infected by subcutaneous injection was 13-fold lower than that of the parent strain (Table 1) . This difference is nevertheless much smaller than that (70-fold) observed in the normal mice. Second, by direct intravenous injection of bacteria into the bloodstream, the DrtxA1 mutant was still 50-fold less virulent than the parent strain (Table 1) .
Taken together, our data suggest that, by preventing the bacteria from being cleared by phagocytosis, the RTX toxin of V. vulnificus may promote the colonization of this organism at the primary infection site. As the bacteria multiply and cause severe tissue damage by releasing degrading enzymes/cytotoxins and inducing the inflammatory responses, the bacteria can then spread to the bloodstream to result in systemic manifestations. Whether the RTX of V. vulnificus induces elevated levels of proinflammatory molecules, such as IL-6 and MIP-2, to facilitate progression of infection as has been observed with its homologue, MARTX, in V. cholerae [37] awaits elucidation.
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